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Abstract
The distribution and spatial extent of marine water bodies with reduced or zero 
dissolved oxygen (O2) concentrations (hypoxia or anoxia) appear to be increasing 
globally. The evidence for this needs to be consolidated by careful monitoring of key 
water parameters to establish long term records capable of interrogation to estab-
lish significant trends. Unfortunately current technology and aquatic sensors suffer 
from a number of failings in monitoring hypoxic or anoxic environments. The sen-
sors required to monitor many important parameters of  interest in these zones are 
simply not yet available or else are insufficiently robust to provide useful and reliable 
data in any long-term capacity (>1 month+). Nevertheless, the potential detrimen-
tal consequences to aquatic life in coastal and oceanic ecosystems of these zones 
becoming more prevalent is vast, especially with regard to commercial fish and 
shellfish catches. Spreading and proliferation of low dissolved 02 concentrations 
in marine water masses are still not fully understood, although the causes may be 
attributed on a case by case basis to factors such as increased nutrient loadings, in-
creased temperatures and the results of climate change. Therefore monitoring these 
zones, both to establish long-term trends and to understand the causes and key 
chemical and physical mechanisms associated with such environments, remains a 
priority. In this paper, we present the results of exploratory monitoring that we have 
undertaken at Lough Hyne marine reserve in Ireland since 2011, detailing the expe-
riences and results to date of developing a continuous monitoring programme and 
sensor network capable of detecting and attributing change in localised seasonal 
anoxic zones.
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INTRODUCTION
The expansion and increased prevalence of hypoxia and anoxia in coastal zones 
represents a significant threat to the future health of marine ecosystems [1, 2]. 
This threat is sufficiently grave to warrant a coordinated and detailed monitoring 
programme to both investigate and understand the key parameters involved in 
determining the structure and behaviour of these zones. At present the marine 
sensing technology capable of carrying out such work is limited in both scope 
and reliability when used in anoxic waters. To provide the much needed data re-
quired to manage and potentially remediate such zones, there will need to be a 
significant improvement not only in sensing ability in term of detecting analytes 
of interest, but also in distributed sensing networks capable of detecting extent 
of change at appropriate temporal and spatial scales.
Ireland has a number of marine areas with seawater masses that experience re-
duced or zero dissolved oxygen (O2) levels, either intermittently or periodically 
(seasonally or at other longer timescales). Areas of Lough Hyne marine reserve, 
a small (0.5 km2 surface area) semi-enclosed marine lake on the south coast of 
Ireland are know to become seasonally anoxic during the summer season since 
the 1950s [3-7]. In recent years, Lough Hyne appears to experience an increas-
ing prevalence of algal blooms and the period of hypoxia and anoxia appears 
to be extending. With this in mind, an exploratory monitoring programme was 
begun in 2010 to examine the key water quality parameters involved having a 
role in the chemical and physical gradients during seasonal hypoxia at Lough 
Hyne (Figure 1). This paper details the experiences and challenges associated 
with long-term monitoring of coastal zone hypoxia based on this programme. A 
detailed assessment of the current requirements and future sensing parameters 
are provided that are likely to be of interest in understanding and effectively 
managing coastal zones of reduced dissolved oxygen concentrations. 
A detailed methodology of developing a low cost sensing system is provided, 
based on extension of multi-parameter sensing systems that may be utilised as 
a template for monitoring other inshore coastal anoxic zones (Figure 2). Chal-
lenges specific to developing and maintaining sensor platforms for monitoring 
of costal hypoxia/anoxia are presented and discussed. 
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Figure 1: The structure of the anoxic zone at Lough Hyne showing the main 
chemical species present and the depth of stratification at 25 m below the sur-
face during seasonal anoxia. Seasonal Hypoxia usually occurs from April to 
October on an annual basis but the duration can vary inter-annually.
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Figure 2: Sketch of the design concept for a low-
cost, flexible monitoring platform for deploy-
ment of at Lough Hyne capable of incorporating 
a suite of both meteorological and aquatic sens-
ing systems.
(From Next Page) u
 
Figure 1. Exploded view of the drifter. 
1) Cap,
2) Floater,
3) Drogue attachment eye, 
4) Gasket,
5) Antenna GPS/GPRS,
6) Charge connector,
7) Switch,
8) Electronic device,
9) Batteries and
10) Ballast.
